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Introduction
The PI3K/AKT/mTOR intracellular signaling 
pathway functions to regulate the cell cycle, with 
influences on cell proliferation, cell survival, and 
angiogenesis.1 These functions have made the 
PI3K/AKT/mTOR pathway an important thera-
peutic target in the treatment of cancer.2 Currently 
there are four United States (US) Food and Drug 
Administration (FDA)-approved PI3K inhibitors 
– idelalisib, duvelisib, alpelisib, and copanlisib – 
that target a varied combination of the four class I 
isoforms of the PI3K protein. Copanlisib was 
approved by the FDA for treatment of relapsed 
follicular lymphoma (FL) in September 2017 and 
carries “orphan designation” by the European 
Medicines Agency (EMA) for marginal zone lym-
phoma (MZL). Copanlisib inhibits all four PI3K 
isoforms (P110α, P110β, P110δ, and P110γ), 
with the highest selectivity for the PI3Kα and 
PI3Kδ isoforms. This selectivity proves important 
as these isoforms are commonly found in malig-
nant B cells, namely chronic lymphocytic lym-
phoma (CLL) and diffuse large B cell lymphoma 
(DLBCL).3 Use of copanlisib has expanded 

across the B cell malignancies and now includes 
investigations in the treatment of solid tumors.

Since the initial approval of copanlisib based on 
results from the CHRONOS-1 trial, there are 
published data from several other trials further 
demonstrating efficacy in B cell malignancies. 
Others have provided insight into potential bio-
markers that may predict outcomes when using 
PI3K inhibitors, particularly copanlisib. Active 
clinical trials are exploring combinations of 
copanlisib with chemoimmunotherapy to further 
enhance efficacy. Additionally, there are extended 
data providing a better understanding of the 
unique toxicity profile. We aim to provide an 
updated review of copanlisib since the initial FDA 
approval.

PI3K inhibitors
PI3K plays a crucial role in cell proliferation and 
survival as well as oncogenesis.4 The four iso-
forms of PI3K have differing presence across 
cell lines, with restriction of PI3Kδ to those of 
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hematopoietic origin, and are commonly found in 
B cell malignancies. In B cells, the PI3K pathway 
plays a role in B cell receptor (BCR) signaling.5 
The potent PI3Kδ inhibitor, idelalisib, has been 
shown to selectively induce apoptosis of CLL 
cells compared with other hematologic cell lines 
including T- and natural killer (NK)-cells.6 
Alternatively, copanlisib inhibits the catalytic 
activity of all four PI3K isoforms, with higher 
potency toward PI3Kα and PI3Kδ as mentioned 
above. PI3Kα and PI3Kβ have relatively ubiqui-
tous expression in most cell types, with reports of 
PI3Kα potentially having an implication in 
relapse of disease. PI3Kγ and PI3Kδ are expressed 
mostly on hematopoietic tissues and serve better 
as a targeted approach to treating hematologic 
malignancies.3,7–9 Other off-target effects of 
copanlisib may enhance the efficacy of the agent.10 
The higher efficacy on the PI3Kα and PI3Kδ iso-
forms and influences on the tumor microenviron-
ment have made copanlisib an attractive agent 
with considerable differences compared with 
other available PI3K inhibitors.11

The dosing schedule and administration differs 
for the approved PI3K inhibitors. Both idelalisib 
and duvelisib are twice daily oral agents given 
until disease progression or unacceptable toxicity. 
Copanlisib is an intravenous drug administered 
weekly on days 1, 8, and 15 of a 28-day cycle. 
The infusion is a fixed dose of 60 mg and infused 
over 1 h. Some clinical trials have utilized a 
weight-based dosing from 0.4 to 0.8 mg/kg. No 
dose modifications are required for renal dysfunc-
tion; however, moderate hepatic impairment 
(Child–Pugh class B) carries a recommended 
dose reduction to 45 mg. There is no need for 
routine premedication prior to infusion. 
Treatment continues until disease progression or 
unacceptable toxicity. Of note, other PI3K inhib-
itors carry a black box warning regarding severe 
or fatal toxicities, involving diarrhea and colitis, 
cutaneous reactions, pneumonitis, hepatotoxic-
ity, or opportunistic infections. Though copan-
lisib itself does not have a specific black box 
warning, the manufacturer still recommends use 
of Pneumocystis jiroveci pneumonia (PJP) proph-
ylaxis during treatment.12

CHRONOS trials
The CHRONOS trial series is the original effort 
by Bayer, the manufacturer of copanlisib, to pur-
sue drug approval in hematologic malignancies 

following the results of the safety/tolerability 
phase I protocol [ClinicalTrials.gov identifier: 
NCT00962611].13 The results of the CHRONOS-1 
trial are the basis for copanlisib FDA approval. 
The remaining three trials are ongoing, with lim-
ited reported data as accrual continues. The trials 
focus on the role of copanlisib in treatment of 
indolent B-cell non-Hodgkin lymphomas (NHL) 
and follow a stepwise introduction of copanlisib as 
monotherapy, in combination with rituximab, and 
finally in combination with standard chemoim-
munotherapy regimens.

The phase II trial, CHRONOS-1 [ClinicalTrials.
gov identifier: NCT01660451], is an open-
label, uncontrolled trial using copanlisib mono-
therapy in patients with relapsed indolent or 
aggressive NHLs. The primary efficacy end-
point was overall response rate (ORR). Most 
patients had advanced stage disease at entry and 
had been heavily pretreated with a median of 
three lines of therapy. This large multicenter 
trial had two parts: Part A includes both indo-
lent and aggressive B-cell lymphomas with 
weight-based dosing (0.8 mg/kg; maximum 
65 mg) and Part B focused on indolent B-cell 
lymphomas with copanlisib fixed dose (60 mg). 
Patients received copanlisib IV infusion on days 
1, 8, and 15 of a 28-day cycle.

CHRONOS-1 Part A enrolled 33 patients with 
indolent lymphoma and 51 patients with aggres-
sive lymphoma. Indolent lymphoma subtypes 
included FL (FL grades 1 to 3a; 49%), CLL 
(40%), MZL (9%) and small lymphocytic lym-
phoma (SLL; 3%). Aggressive lymphoma sub-
types included DLBCL (30%), mantle cell 
lymphoma (MCL; 22%), peripheral T-cell lym-
phoma (PTCL; 33%), transformed indolent FL 
(12%), and FL grade 3b (2%). Patients received 
at least two prior therapies, with a median num-
ber of four for the indolent lymphomas (range 
2–10) and three for the aggressive lymphomas 
(range 2–9). The treatment duration was 5.7 
cycles (22.7 weeks) for the indolent cohort and 
two cycles (8 weeks) for the aggressive cohort. 
The participants were ~50% male/female with a 
median age of 68 years in the indolent group and 
63 years in the aggressive group. The ORR was 
noted to be 43.7% and 27.1% in the indolent 
and aggressive groups, respectively. The median 
progression-free survival (PFS) was 294 days 
(0–874 days) in the indolent group and 70 days 
(0–897 days) in the aggressive group.14
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CHRONOS-1 Part B studied an additional 142 
patients with lymphoma. A total of 141 patients 
enrolled with indolent lymphoma had a median 
age of 63 years (25–82 years) with relapsed or 
refractory indolent lymphoma who had received a 
median of three lines of therapy (range 2–9). 
Lymphoma subtypes included FL grade 1 to 3a 
(73%), MZL (16%), SLL (6%), and lymphoplas-
macytic lymphoma (LPL; 4%). Patients were 
treated with the same dose and schedule of copan-
lisib as in Part A. An ORR of 60.6% was achieved 
compared with 59.2% from the original study, 
suggesting an improved response rate with time 
on treatment. The ORR in patients with FL was 
the same (58.7%), but the ORR in patients with 
MZL improved to 78.3%, with a low number of 
patients (2.1%) experienced progressive disease. 
The ORR of 60.6% included 16.9% with com-
plete response (CR) was reported in the 2 year 
follow-up data, confirming a slight improvement 
in the initially reported 14.4% CR from the pri-
mary analysis. The median time to CR was 
4.7 months, which was more than twice the 
median time to first response (1.8 months). The 
median duration of response (DOR) was 
14.1 months (range 0.03–42.5) with a median fol-
low up of 16.1 months. The median PFS was 
12.5 months, and median overall survival (OS) 
was 42.6 months with a median follow up of 
31.5 months. The 2 year OS rate was 69%.15,16 
The investigators separately published data 
regarding 23 MZL patients who received a median 
of 5.8 cycles with an ORR of 78% including three 
CRs (13%). The overall DOR was 17.4 months 
with median PFS 24.1 months.17 In fact, copan-
lisib received US FDA Breakthrough Designation 
in May 2019 for the treatment of adult patients 
with relapsed MZL who have received at least two 
prior therapies based on this subset analysis from 
the CHRONOS-1 trial.18 Furthermore, such posi-
tive results prompt researchers to explore the pos-
sibility of combining copanlisib and rituximab as a 
chemotherapy-free approach to newly diagnosed 
or relapsed MZL [ClinicalTrials.gov identifier: 
NCT03474744] (Table 1).

Based primarily on the results of CHRONOS-1 
Part B, copanlisib received accelerated approval 
by the FDA for the treatment of relapsed FL in 
adults who have received at least two prior lines of 
therapy. The rate of adverse events (AEs) was 
low, and copanlisib was thus approved without a 
black box warning, unlike the other PI3K inhibi-
tors. Even with the extended duration of 

monitoring, the incidence of treatment emergent 
AEs (TEAEs) remained almost unchanged com-
pared with the original study, with the most com-
mon TEAEs being transient hyperglycemia 
(50.0%), diarrhea (35.2%), transient hyperten-
sion (29.6%), neutropenia (28.9%), pyrexia 
(26.8%), and fatigue (26.1%), with no new treat-
ment emergent mortality. Noticeably, the highest 
incidence of AEs was seen early in the first 
6 months as opposed to later on, suggesting that 
there is no evidence of cumulative toxicity.15

CHRONOS-2 [ClinicalTrials.gov identifier: 
NCT02369016] is a phase III study investigating 
copanlisib monotherapy in rituximab refractory 
indolent B-cell NHL. This randomized, double-
blind, placebo-controlled protocol was opened 
at non-US sites. The trial is listed as active, not 
recruiting, and no results have been published  
to date.

CHRONOS-3 [ClinicalTrials.gov identifier: 
NCT02367040] is a phase III randomized, dou-
ble-blind, placebo-controlled trial with the goal 
to evaluate copanlisib in combination with rituxi-
mab versus placebo plus rituximab in terms of 
PFS as the primary endpoint. Recruitment has 
completed, with 458 patients with relapsed indo-
lent NHL (iNHL) who have received one or 
more lines of prior treatment. In the press release 
on 15 October 2020, Bayer announced that 
CHRONOS-3 has met its primary endpoint, and 
that safety and tolerability observed in the trial 
were generally consistent with previously pub-
lished data on the individual components of the 
combination and no new safety signals were 
identified. The final publication containing 
CHRONOS-3 data is awaited.

CHRONOS-4 [ClinicalTrials.gov identifier: 
NCT02626455] evaluating copanlisib with 
standard chemoimmunotherapy [rituximab with 
bendamustine or CHOP (cyclophosphamide, 
doxorubicin, vincristine sulfate, prednisone)] in 
551 patients with relapsed/refractory indolent 
NHL is currently active but not recruiting and the 
results were not available at the time of review 
submission.

[ClinicalTrials.gov identifier: NCT02391116]
The aggressive NHL DLBCL has two distant 
molecular subtypes based on cell of origin (COO), 
germinal center B cell-like (GCB), and activated 
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B cell-like (ABC), with differing gene expression 
profiles.21 The ABC subtype tends to have CD79B 
mutations resulting in persistent activation of 
BCR signaling, in which PI3K plays an important 
role.22 Coupled with CD79B and MYD88 muta-
tions, ABC subtypes may be more susceptible to 
inhibition of the PI3Kα and PI3Kδ isoforms.23 
Dual inhibition may be particularly important 

given feedback activation of PI3Kα seen in pre-
clinical models for ABC cell lines treated with 
selective PI3Kδ inhibition.24

The use of copanlisib in the treatment of aggres-
sive lymphomas, including DLBCL, has generated 
limited but encouraging data. The original phase I 
trial [ClinicalTrials.gov identifier: NCT00962611] 

Table 1. Clinical trials with copanlisib in hematologic malignancies.

ClinicalTrials.
gov identifier:

Phase Intervention Enrollment Inclusion 
criteria

Primary 
endpoint

Status Results

NCT01660451 II Copanlisib 227 R/R NHL ORR Active, not 
recruiting

Dreyling 
et al.14–16

NCT02342665 Ib/II Copanlisib 25 R/R iNHL AEs
ORR

Active, not 
recruiting

N/A

NCT02367040 III Copanlisib (versus 
placebo) + Rituximab

458 R/R iNHL PFS Active, not 
recruiting

Pending

NCT02369016 III Copanlisib 25 R/R iNHL AEs Active, not 
recruiting

Pending

NCT02535247 I/II Pembrolizumab +/− Copanlisib 19 R/R T-cell 
or NK-cell 
lymphoma

PFS
ORR

Active, not 
recruiting

N/A

NCT02626455 III Copanlisib (versus 
placebo) + BR or R-CHOP

551 R/R iNHL RP3D
PFS

Active, not 
recruiting

N/A

NCT03052933 I/II Copanlisib + Gemcitabine 28 R/R T-cell 
or NK-cell 
lymphoma

DLT/MTD
ORR

Active, not 
recruiting

N/A

NCT03474744 II Copanlisib + Rituximab 56 MZL CR Recruiting N/A

NCT03484819 II Copanlisib + Nivolumab 106 R/R DLBLC
or PMBL

ORR Recruiting N/A

NCT03789240 II Copanlisib + Rituximab 65 FL CR Recruiting Lenz 
et al.19,20

NCT03877055 I/II Copanlisib + Ibrutinib 45 R/R MCL CR Recruiting N/A

NCT04155840 II Copanlisib + BR 25 CLL/SLL MRD Recruiting N/A

NCT04263584 II Copanlisib + R-CHOP 80 DLBLC PFS Recruiting N/A

NCT04433182 II Copanlisib + BR 81 R/R DLBLC PFS Not yet 
recruiting

N/A

NCT04572763 I/II Copanlisib + Venetoclax N/A R/R DLBLC MTD
ORR

Not yet 
recruiting

N/A

AE, adverse events; BR, bendamustine/rituximab; CLL/SLL, chronic lymphocytic lymphoma/small lymphocytic lymphoma; CR, complete response; 
DLBLC, diffuse large B-cell lymphoma; FL, follicular lymphoma; iNHL, indolent NHL; MCL, mantle cell lymphoma; MRD, minimal residual  
disease; MTD, maximum tolerated dose; MZL, marginal zone lymphoma; NHL, non-Hodgkin lymphoma; B-cell; ORR, overall response rate;  
PFS, progression free survival; PMBL, primary mediastinal large b-cell cell lymphoma; R-CHOP, rituximab, cyclophosphamide, doxorubicin, 
vincristine and prednisone; RP3D, recommended phase III dose; R/R, relapsed or refractory.
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included three patients with unclassified DLBCL 
with a 33% ORR.13 Part A of the phase II 
CHRONOS-1 trial [ClinicalTrials.gov identifier: 
NCT01660451] include 15 unclassified DLBCL 
patients with a single partial response (PR). These 
results, and the understanding of PI3K pathogen-
esis in DLBCL, prompted a non-US clinical trial. 
[ClinicalTrials.gov identifier: NCT02391116] is a 
single-arm, multicenter, phase II protocol evaluat-
ing the efficacy and safety of copanlisib monother-
apy in patients with relapsed/refractory DLBCL. 
A total of 67 patients completed the trial enroll-
ment goal. The trial included patients with de novo 
DLBCL and histologic transformation from FL. 
Investigators importantly separated patients by 
COO and CD79B mutation status to best identify 
candidates for treatment with copanlisib.19,20

The 67 treated patients included ABC subtype 
(n = 19), GCB subtype (n = 30), unclassifiable 
(n = 3), and 15 patients with missing COO data. 
The reported ORR was 19.4% for all patients 
with 31.6% and 13.3% in the ABC and GCB 
DLBCL patients, respectively. The ORR results 
were further separated by CD79B mutation sta-
tus with 22.2% in mutant CD79B (n = 9) and 
20% in wild-type CD79B (n = 45). The overall 
median PFS was 1.8 months, and duration of 
response was 4.3 months. In general, the results 
demonstrated modest activity with an, as 
expected, numerically higher response rate in 
patients with ABC subtype DLBCL.20 The find-
ings support pursuing combination therapy of 
copanlisib with either chemoimmunotherapy or 
other target agents in hopes of improving effi-
cacy. A multicenter phase II study [ClinicalTrials.
gov identifier: NCT04263584] of copanlisib in 
combination with Rituximab and CHOP chem-
otherapy (COPA-R-CHOP) is actively enrolling 
patients with previously untreated DLBCL 
regardless of COO.

[ClinicalTrials.gov identifier: NCT03789240]
An ongoing single-institution phase II protocol of 
response-adapted therapy with copanlisib in com-
bination with rituximab for untreated FL was 
presented at the 2020 American Society of 
Hematology (ASH) Annual Meeting. Investigators 
propose that a fixed duration of therapy will 
induce durable remissions. The primary endpoint 
is CR rate. The protocol includes a 28-day cycle 
of copanlisib monotherapy with 60 mg IV admin-
istered on days 1, 8, and 15. Treatment continued 

with six cycles of combination therapy including 
copanlisib 60 mg on days 1, 8, and 15 of a 28-day 
cycle along with rituximab 375 mg weekly × 4 then 
on day 1 of each subsequent cycle. Patients reach-
ing a CR discontinued treatment, while those with 
PR proceeded to an additional six cycles of combi-
nation copanlisib and rituximab. Preliminary 
results from 12 patients showed that all patients 
had tumor reduction with the initial cycle of copan-
lisib monotherapy, with a median reduction of 
41%. Six patients completed the planned initial six 
cycles, with 67% (n = 4) reaching a CR. 
Recruitment is ongoing for an enrollment goal of 
65 patients. The manageable toxicity profile was 
similar to prior experience with no interruptions in 
therapy.25 Additionally, a German-only protocol is 
active using the combination of copanlisib and obi-
nutuzumab for untreated FL.

Management of AE profile
Copanlisib does carry serious AEs, some of which 
are unique compared with other PI3K inhibitors. 
The two primary AEs are infusion-related hyper-
glycemia and hypertension. With clinical experi-
ence and post-marketing follow up since FDA 
approval, the anticipated AEs are better under-
stood and new recommendations have been for-
mulated pertaining to the management of the 
toxicity profile of copanlisib. In accordance with 
Cheson et  al.,26 the most common AEs noted 
with copanlisib were hyperglycemia (49.3% of 
patients), which was grade 3 or 4 in 40% of 
patients. Hypertension was documented in almost 
30% of patients, being grade 3 in 23.2% of 
patients, with no grade 4 events. Both hyperglyce-
mia and hypertension were infusion-related and 
transient in nature. Diarrhea was noted in one-
third of patients, but was grade 3 in only 6.3% of 
patients; no grade 4 diarrhea was noted. Other 
toxicities occurring in more than 20% of patients 
included neutropenia, pyrexia, fatigue, and nau-
sea. We aim to address the management of the 
most common AEs.

Hyperglycemia of grade 3 and 4 was noted to be 
in 41% of patients but with only 2.8% being con-
sidered serious. Patients were managed conserva-
tively with oral or intravenous (IV) fluids. The 
hyperglycemia was mostly transient and resolved 
after 24 h. Only 10% of patients were found to 
have a hemoglobin A1c > 6.5% at the end of 
treatment. For nondiabetics, there is no need for 
post-infusion monitoring, although glucose can 
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be re-checked 24 h after infusion. Diabetic 
patients should be treated with copanlisib only 
following adequate glucose control, and should 
be monitored closely.

Grade 3 hypertension was noted in in 26% of 
patients treated with copanlisib monotherapy. 
This effect was seen after the first cycle, with 
blood pressure peaking 2 h after the infusion. The 
hypertensive period typically resolves within 24 h. 
Pre-existing hypertension should be recognized 
and treated prior to initiation of copanlisib with 
the goal of achieving a blood pressure less than 
140/90 mmHg. In patients with resistant hyper-
tension despite anti-hypertensive therapy, a dose 
reduction of copanlisib is recommended. If blood 
pressure remains uncontrolled despite dose 
reduction, copanlisib should be discontinued.

Hematologic toxicities including anemia and 
thrombocytopenia of grade 3 severity were noted 
in about 4% and 7% of patients, respectively. A 
complete blood count should be monitored at 
least weekly during treatment with copanlisib.

The most common infection noted with patients 
treated was pneumonia. PJP was diagnosed in 
0.6% of all patients. In patients that are consid-
ered high risk, PJP prophylaxis is recommended. 
Patient should be monitored carefully for signs 
and symptoms of infection, and copanlisib should 
be stopped for infections of grade 3 or higher 
until the acute illness resolved. Of 168 patients 
with NHL, 21% had lower respiratory tract infec-
tions, of which 12% were grade 3 and 2% were 
grade 4. Noninfectious pneumonitis has been 
reported, with 1.9% of patients experiencing 
grade 3 events; there were no grade 4 events of 
patients undergoing copanlisib therapy. These 
patients were successfully managed by cessation 
of therapy and steroid administration.23

The AE profile of copanlisib was recently updated 
and there are no reported late-onset toxicities 
identified. In comparison with the similar agents 
in this class, copanlisib has a more favorable 
safety profile in respect to colitis, pneumonitis, 
hepatotoxicity, and infection.15

Future concepts
Copanlisib has shown promising results when 
used in combination therapies against various 
forms of MCL, MZL, and T-cell lymphomas. 

The most remarkable combination is with the 
BCL-2 inhibitor venetoclax. This combination is 
the most active in B cell lymphoma and one of the 
most synergistic combinations in T cell lympho-
mas. Copanlisib was noted to sensitize DLBCL 
cells to venetoclax, thus showing a synergistic 
effect between PI3K α/δ inhibition and BCL-2 
inhibitors.27,28 The benefit of combination ther-
apy was also validated as there was increased 
induction of apoptosis in MCL and MZL primary 
cells in xenograft models.28 The synergistic effect 
sets the stage for clinical evaluation of copanlisib 
and venetoclax in patients with genetically defined 
tumors. Exploring the potentials of combination 
therapies with copanlisib is a new horizon in anti-
cancer therapy; however, the additional toxicities 
are also a major concern that requires careful 
consideration.

The pan PI3K inhibiting property of copanlisib is 
also being investigated in the management of 
PTCL and natural killer/T-cell lymphomas 
(NKTCL). PTCL and NKTCL are aggressive 
malignancies with poor prognoses and few treat-
ment options. They demonstrate high expression 
of PIK3 isoforms, especially PIK3α, which is 
associated with low survival rate.7 Inhibiting any 
single PIK3 isoform alone is not effective in the 
treatment of PTCL or NKTCL. It is increasingly 
recognized that different PIK3 isoforms have dis-
tinct expression profiles and functions in onco-
genic signaling and play non-redundant roles in 
particular tumor types, which has prompted the 
development of isoform-selective inhibitors in 
recent years with the aim of improving efficacy, 
while decreasing undesirable side effects.29 In a 
preclinical setting, it has been shown that copan-
lisib, owning to its ability to simultaneously inhib-
iting PIK3 α and δ, can potentially cause G0/G1 
cell cycle arrest and may be a promising therapeu-
tic agent. Copanlisib demonstrated cell cycle 
arrest in peripheral T cell lymphomas and natural 
killer T cell lymphomas, which as a result sup-
pressed tumor growth in vitro and in vivo. This 
study provides evidence that inhibition of PIK3 
α/δ pathway could be a promising approach for 
the treatment of PTCL and NKTCL.30

There have been a great number of pharmaco-
logic studies trying to identify potential biomark-
ers that correlate with the tumor response to the 
PI3K inhibitors like copanlisib. A phase I study 
enrolled 63 patients diagnosed with lymphoma or 
refractory solid tumors undergoing two cycles of 
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copanlisib therapy at the weight-based dosing of 
0.4–0.8 mg/kg. Two pharmacologic parameters 
were found to be correlated strongly with copan-
lisib plasma levels: phosphorylated AKT abbrevi-
ated by pAKT, involved in the PI3K-Akt signaling 
pathway, and two glucose metabolism markers: 
insulin and C peptide.13 Copanlisib showed a 
dose-dependent suppression of pAKT and also a 
transient elevation of plasma glucose following 
copanlisib. However, there was a lack of associa-
tion between these markers to individual response 
to treatment.31 Gene expression profiling of the 
PI3K/AKT/mTOR pathway has revealed onco-
genic mutations that drive prognosis across both 
solid and hematologic malignancies. A better 
understanding of tumor-specific PI3K signaling 
will guide treatment selection for patients most 
likely to respond to PI3K-targeting agents.20,32–34

The search continues for more reliable biomark-
ers to predict the clinical efficacy of copanlisib. 
Interleukin (IL)-6 has recently been shown to 
mediate resistance to PI3K pathway targeted 
therapy in lymphoma. It has been studied that 
IL-6-induced STAT3 or STAT5 activation is a 
critical mechanism underlying PI3K inhibitor 
resistance in lymphoma. STAT3 and the isoforms 
STAT5A/B are major parts of the Janus tyrosine 
kinase (JAK)/STAT pathway.35 Cytokine assays 
revealed upregulation of IL-6 in both copanlisib- 
and duvelisib-resistant cell lines. Phosphorylated 
STAT5, AKT, p70S6K, and MAPK were 
increased in copanlisib-resistant B-cell lymphoma 
cells, whereas phosphorylated STAT3 and 
NF-κB were increased in duvelisib-resistant 
T-cell lymphoma cells. Previous studies have 
shown that STAT3 and STAT5 can serve as ther-
apeutic targets, such as in metastatic prostate 
cancer, and their expression is a predictive bio-
marker of drug resistance in cancers.36,37 Due to 
these findings, there is promise that the activation 
of IL-6 signaling may contribute to the PI3K 
resistance of B cell and T cell lymphoma cells. 
Combined treatment with a JAK inhibitor 
(BSK805) and a PI3K inhibitor showed a syner-
gistic effect to acquired resistance to PI3K inhibi-
tors in lymphomas.38

Active trials
There are a number of active clinical trials explor-
ing the use of copanlisib alone or in combination 
for various hematologic malignancies. Table 1 

summarizes the clinical trials using copanlisib in 
hematologic malignancies. The majority of these 
trials are in phase II. Two ongoing studies explore 
copanlisib monotherapy in either relapsed or ritux-
imab-refractory indolent NHL [ClinicalTrials.gov 
identifier: NCT02342665, NCT02369016]. 
Numerous trials studying different combinations 
of copanlisib with standard therapy such as rituxi-
mab, or rituximab-based therapy such as CHOP 
or bendamustine in untreated and relapsed/refrac-
tory indolent and aggressive NHL. A wide variety 
of malignancies are being investigated at the cur-
rent time with these combinations, including 
DLBCL, MZL, and CLL/SLL. Beyond B cell 
malignancies, one study [ClinicalTrials.gov identi-
fier: NCT03052933] combining copanlisib and 
gemcitabine in relapsed/refractory PTCL is an 
exciting new regimen in the treatment of a disease 
with a very poor prognosis. Gemcitabine has been 
suggested as monotherapy for relapsed/refractory 
PTCL, though major studies were not able to 
reach median PFS, and the addition of a targeted 
agent may yield more promising results.39

Finally, the remaining trials explore the poten-
tial efficacy of copanlisib combined with either 
anti-PD1 therapy or targeted therapy. Two of 
these studies, [ClinicalTrials.gov identifier: 
NCT03484819 and NCT03877055], combine 
copanlisib with a newer agent like nivolumab to 
treat relapsed/refractory DLBCL and primary 
mediastinal B cell lymphoma (PMBCL) or with 
ibrutinib to treat MCL, respectively. The combi-
nation of copanlisib and the BCL-2 inhibitor 
venetoclax in treating relapsed/refractory DLBLC 
is being studied extensively since the discovery of 
their strong synergistic activity in the trial 
[ClinicalTrials.gov identifier: NCT04572763] 
(not yet recruiting as of the date of this article). 
The protocol evaluates the maximum tolerated 
dose of venetoclax when used in conjunction with 
copanlisib as this combination can result in sev-
eral severe overlapping toxicities.28

Conclusion
Copanlisib is a pan-PI3K inhibitor with a tolera-
ble toxicity profile that offers potential therapeu-
tic benefits in numerous hematologic and solid 
cancers. Since FDA approval, copanlisib has seen 
prompt applicability into clinical practice. As 
monotherapy, copanlisib continues to show a 
promising ORR at 60.6% in indolent B cell 
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lymphoma after a 2-year follow up from the 
CHRONOS-1 trial.15 Remarkably, the AE profile 
remains relatively unchanged, with the extended 
duration of monitoring and no evidence of cumu-
lative toxicity. The more easily managed side 
effect profile of copanlisib continues to be an 
advantage over its two oral PI3K inhibitor prede-
cessors, especially idelalisib, which had a number 
of deaths on clinical trials due to toxicities. While 
the weekly intravenous dosing of copanlisib may 
be inconvenient, the longer dosing interval allows 
better monitoring and control of many possible 
AEs that may arise.

We have reviewed the expanded use in other lym-
phoma subtypes including aggressive NHLs. In 
the case of DLBCL, copanlisib showed a modest 
ORR in patients with ABC subtype disease. The 
known role of the PI3K pathway in the ABC sub-
type makes inhibition a logical therapy. Copanlisib 
is being further studied in a number of clinical 
trials to evaluate for duration of response and tox-
icity profile over the longer follow up periods. 
Furthermore, copanlisib is being paired with 
many cytotoxic agents, immunotherapy, and 
newer oral chemotherapeutics in numerous ongo-
ing trials as it has demonstrated a remarkable 
in vitro synergistic effect. Effective use of such a 
combination may open the door to another fron-
tier of antitumor treatment.

While most clinical trials involving copanlisib are 
still ongoing, another PI3K inhibitor, alpelisib, 
recently received FDA approval for treatment of 
PI3KCA-mutant breast cancer.40 The rapidly 
emerging data on targeted agents makes it impera-
tive for the clinicians to stay up to date. Particularly 
to understand the differences of agents within a 
pharmacologic class, but also the advancing indi-
cations across malignancy subtypes.
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